ABSTRACT. Brazil has a network of marine extractive reserves (RESEX), a form of marine protected area (MPA) using comanagement. The RESEX program aims to bring traditionally marginalized populations with natural resource dependent livelihoods into national development processes by empowering them to participate in governance and steward biodiversity conservation. We apply the socialecological systems framework (SESF) and collective action theory to diagnose challenges for comanagement in the Caete-Teperacu marine RESEX near Bragança, Brazil, a multiuse mangrove estuary supporting a small-scale crab fishery. We conducted key informant interviews and build on over 20 years of research in the region to provide an overarching analysis of the challenges facing comanagement. We describe the variables from the SESF in the case context and find that many social and ecological variables interact in clusters over time, and these clusters can be identified as themes, including (1) social and political momentum supporting the RESEX; (2) shifting perceptions of local residents and fishers; (3) patron-client relationships and social-ecological traps; (4) challenges with institutional fit; and (5) the interactions between harvesting closures, compensation, and dependence on local natural resources. Furthermore, we use collective action theory to help explain the role that each variable plays in either hindering or enabling successful governance. Our findings suggest that institutional resilience is needed to make RESEX adaptive to shifting social and political momenta. It could do this by providing more platforms for communication, deliberation, and knowledge exchange among the relevant actors. We believe our findings reflect broader challenges facing RESEX implementation throughout Brazil, and lessons can be learned for MPAs facing difficulties with the implementation of comanagement worldwide.
INTRODUCTION
Up until the last few years, social and political momentum continued to build in Brazil for the establishment of marine extractive reserves (marine RESEX), a form of marine protected area (MPA) aimed at democratizing access to natural resources through participatory comanagement with both social and environmental goals (ICMBio 2012, Santos and Brannstrom 2015) . The RESEX program aims to bring marginalized traditional populations that depend on local natural resources into national development processes by empowering them to participate in national government supported formal management of RESEX areas. The RESEX goals include the sustainable management of resources to maintain local livelihoods while simultaneously stewarding biodiversity conservation (e.g., Simonian and Glaser 2002) .
In Brazil, RESEX comanagement is a major advance because it legitimizes nature-dependent and largely marginalized natural resource users in a formal legal framework to replace widespread illegality in harvesting practice and to motivate collective action for sustainable resource use (Glaser et al. 2003 , Di Ciommo 2007 . Other types of conservation units along with RESEX are managed by the Chico Mendes Institute for Biodiversity Conservation (ICMBio) throughout Brazil. The ICMBio was founded in 2009 and is part of the Federal Ministry of the Environment (MMA). The ICMBio also collaborates with the Collective action is a necessary part of comanagement (Noble 2000 , Folke et al. 2005 , Bodin 2017 . Actors need to cooperate to develop mutually agreed upon rules, institutions, and goals. Collective action theories provide a useful lens to unpack the reasons why establishing institutions for cooperation is difficult. Many social and ecological characteristics have been shown to hinder or enable collective action over time (Ostrom 2009 , Poteete et al. 2010 , Bodin 2017 . Much of the literature on MPA governance emphasizes the need to recognize how complex socialecological interactions influence governance. Synergies between commons, collective action, and SES research are improving our understanding of the enabling conditions for successful collaborative governance (Ostrom 2009 , Bodin 2017 .
At the land-sea interface, coastal SES research has helped unpack the complexity of spatially overlapping characteristics and interactions between marine and terrestrial systems, and how these influence sustainability (Alexander et al. 2016 , Pittman and Armitage 2016 , Partelow et al. 2018a . Coastal zones often have multiple spatially proximate ecosystem types, resource uses, and actors, often with divergent interests, creating challenges for collective management (Glaser and Glaeser 2012 , Schlüter et al. 2018 . They face a double squeeze from both terrestrial and marine drivers of change. This emphasizes the need for knowledge integration across those systems and between those actors who use them to increase the adaptive capacity of governance (Álvarez-Romero et al. 2011 , Whitney et al. 2017 .
Mangrove and estuarine systems demonstrate this complexity, because they are often subject to polices designed for land management and conservation that do not take into account the fluid dynamics of aquatic species or the specific resource-use behavior in small-scale fisheries.
We apply the social-ecological systems framework (SESF) using qualitative data (Ostrom 2009, McGinnis and to diagnose the challenges facing comanagement in response to social-ecological change in the Caeté-Taperaçu (CT) RESEX. The CT RESEX is located near the city of Bragança, State of Pará, Brazil, 215 kilometers from its state capital Belem, on the mouth of the Amazon River delta ( Fig. 1 ; Saint-Paul and Schneider 2010). Bragança has 113,000 inhabitants, with more than 40,000 living in rural and largely undeveloped areas. The CT RESEX is a large coastal estuary forming a peninsula with numerous rivers and tributaries, and it is embedded in the world's second largest continuous mangrove ecosystem spanning ~23,000 square kilometers. A number of studies have analyzed RESEX areas using Ostrom's (1990) design principles (da Silva 2004 , Le Tourneau and Beaufort 2017 , Nobre et al. 2017 , and in similar non-RESEX areas (Tebet et al. 2018 ), but to our knowledge this study is the first to apply the SESF. The framework is well suited for the study of smallscale fisheries (Basurto et al. 2013 , Partelow 2015 with numerous case study applications in the literature (Schlüter and Madrigal 2012 , Ernst et al. 2013 , Leslie et al. 2015 , Partelow and Boda 2015 , Torres Guevara et al. 2016 . Few studies have demonstrated the value of the SESF as a tool for qualitative research as a coding framework for the organization and analysis of qualitative data (e.g., Ban et al. 2015 , Hoogesteger 2015 , particularly in smallscale fisheries and coastal systems (e.g., Lozano and Heinen 2016 , London et al. 2017 , Partelow et al. 2018b . Qualitative data analysis is an integral part of environmental social science research because it allows for thick descriptions of complex variables and the evolution of narratives and interactions over time in observational research (Bryman 2012 , Cox 2015 . Our study uses the SESF in two novel ways. We examine groups of interacting second-tier variables and their interactive effects as key interactions influencing overall outcomes. We also consider these interactions over time (two decades) in our analysis, which has only been explored by a few articles (Epstein et al. 2014 , Ban et al. 2015 . https://www.ecologyandsociety.org/vol23/iss3/art19/ METHODS This study conducts qualitative research (Silverman 2005 , Flick 2014 ) using a diagnostic approach guided by the SESF (Ostrom 2007 , Cox 2011 , Hinkel et al. 2015 , Partelow 2016 . The SESF is a diagnostic tool structured into tiers of nested and related concepts (Appendix 1). The unit of analysis in this study, the focal SES, is the biophysical area within the political borders of the CT RESEX (Fig. 1 ) and the associated actors and registered residents, with focus on fishers harvesting mangrove crab (Ucides cordatus), the most economically important natural resource in the area (Glaser et al. 2010a ). This study is guided by the following research questions (RQ):
1. What SESF variables are present and potentially influencing governance and collective outcomes in the CT RESEX?
2. What are the key interactions between the second-tier variables of the SESF in the CT RESEX?
3. With many separate research projects in the CT RESEX, how can an analysis of the SESF provide a synthesis and overview to inform more effective comanagement?
Primary data
Semistructured key informant interviews (n = 31) were conducted between March and July 2016 (Table 1) . Recorded interviews lasted between 45 minutes and 2 hours. Individuals were selected for their direct experience with the formation and/or implementation of the RESEX. Snowball sampling allowed for finding other relevant individuals to interview. Multiple entry points into the social network of key informants were employed. Most interviewees had been involved with the RESEX for more than 10 years including researchers, board directors of the community associations, RESEX deliberative council members, ICMBio employees, Bragança municipality employees, community leaders, associated NGOs, and actors from the private sector. Interviews were conducted and recorded in Portuguese, then translated, transcribed, and analyzed by the authors.
Secondary data
Most of the data that supports our study comes from primary sources, but academic literature provided useful secondary data. This included local research that had resulted in Portuguese language publications from the Federal University of Pará (UFPA) in Bragança. Bragança was the location of a 10-year international research cooperation (the MADAM project) from 1995-2005 cofunded by the Brazilian and German research ministries, with a comprehensive book published on the many social and biophysical dimensions of the area pre-RESEX (SaintPaul and Schneider 2010). Many chapters of this book provided data, as well as six published theses from UFPA, four post-RESEX evaluation reports, and the official RESEX management plan documents. Additional background literature was included as cited.
Data analysis
Interviews followed a diagnostic process, first developing and asking general questions related to the first-tier variables of the SESF. Based on the answers to these, and after each interview, the two authors who did the fieldwork (SS and SP) discussed and briefly analyzed responses. This allowed for refining and developing more nuanced questions related to specific second-tier variables for following interviews. The length of the interviews varied substantially because some informants had extensive knowledge on specific topics, and provided detailed information in relation to only a few or a series of related questions. Others provided general information on many questions. A structure of starting questions was tailored to each individual based on who they were and what they were likely to know about. Interview data was cross-checked with multiple interviewees. Once a point of saturation in responses to a question occurred (similar responses to a question from numerous individuals) the data on that variable was considered validated (Fusch and Ness 2015) . Varied responses prompted further questions and cross-checking. Answers in the early stages of the research typically allowed for a descriptive understanding of variables, supporting RQ1. Later in the diagnostic process, responses to further refined questions provided data on interactions between variables and more complex system dynamics, supporting RQ2. The final synthesized description of each relevant SESF variable and its interactions in the SES are presented in the results. Primary qualitative data from interviews were transcribed and secondary data (i.e., articles, book chapters, theses) were entered into the qualitative data analysis software MaxQDA (VERBI Software 2016). In a first step, all data were coded using the SESF variables as a coding framework for qualitative content analysis (i.e., qualitative text segments were linked to the defined secondtier variables they provide data on). Next, one of three actions was taken. Either the data represented a consensus on the description and role of that variable, or conflicting accounts were identified, or further third-tier variables were developed to make a more nuanced description and analysis, following an ontological logic (Frey and Cox 2015) . The two authors who conducted the fieldwork agreed on how the data was coded through consensus coding. After final coding, each second-tier variable was described in the context of the CT RESEX and analyzed with MaxQDA https://www.ecologyandsociety.org/vol23/iss3/art19/ for its relation to other variables through jointly coded segments and interpretive analysis. Using the description of each secondtier variable in the case, collective action theories were used to analyze the role of each variable. This provided an additional explanatory lens to view the role each variable plays in relation to current outcomes related to collective action and comanagement.
RESULTS

Social, economic, and political settings (S)
With the end of the military era and the new Brazilian constitution in 1988, an era of political stability ensued from 1998 to 2015 with continuous investments into social and economic sectors, eradicating extreme poverty and expanding Brazil's lower middle class (S1). Recently, increasing political instability saw the impeachment of the last elected president while cuts in educational, environmental, and public service expenses have had negative implications for the incomes and livelihood chances of the poor (Pinheiro et al. 2015; S3) . Exclusionary and often elitist transformations in agrarian, environmental, and indigenous policies have been shaping the current socio-political scenario, threatening the integrity of conservation initiatives and the people dependent on local natural resources.
North Brazilian economic development has been consistently well below national averages for many decades. Regional inequalities between North and South Brazil persist despite some recent successes in poverty eradication. A particular problem is the lack of access to higher education and to income options that are not based on traditional natural resource extraction such as fishing (S2). Expanding seafood markets in Brazil have turned the Bragança region into a national seafood supply center (S5) and even an international market for certain species, e.g., red snapper (Lutjanus purpureus) and acoupa weakfish (Cynoscion acoupa; the swim bladder is sun dried and sold to emulsifier industries and has a high value in export markets; Bentes et al. 2012) . This is in part due to changes in technology (S7) for the processing of crabs (Ucides cordatus). However, this has led to the first signs of crab overexploitation, a key species of the ecosystem and regional economy Diele 2004, Koch and Nordhaus 2010) . Global market processes are thus threatening the ability of local natural resource-dependent communities to achieve conservation and sustainability goals (Sant'ana-Júnior 2014).
Resource system (RS)
The CT RESEX coastal mangrove estuary has clear biophysical boundaries surrounding the small-scale mangrove crab fishery (RS1) between the Caeté and Taperaçú rivers on the Bragança Peninsula (RS2) covering over 420 km² (RS3). Accessing the mangrove is challenging; it requires taking a public bus or bicycle along a public road or a boat into small estuarine canals, which are only accessible at high tide. However, actual crab collection is always done on foot, walking and wading through the mangrove area to find crab burrows located around tree roots. The mangrove forest is a swamp with entangled roots in deep thick mud and requires considerable physical endurance and local knowledge to navigate for fishing ( Fig. 2; RS4 ). Due to the difficulties with carrying large sacks of crabs, fishers don't go far into the forest or stray off known routes (RS9; Thies-Albrecht 2016). Seasonality affects cycles of ecosystem functioning (RS7). The rainy season, from January to May, is more difficult and dangerous for fishing activities than the dry season from June to December. 
Resource units (RU)
Multiple resource units are harvested in the CT RESEX; more than 20 have been identified including mixed finfish species, crabs, and mangrove wood (Glaser et al. 2010a ). This study focuses on the small-scale mangrove crab fishery for Ucides cordatus, the economically most important species. Second-tier variables can be applied to each resource unit (McGinnis and Ostrom 2014), but this reaches beyond our scope.
Mangrove crabs (Ucides cordatus) are hardly mobile in their adult lives, typically foraging within a one-meter radius of their burrow (RU1; Diele and Koch 2010) . Crabs seem to only venture further out during the annual six days per month during January to March of the "andada" reproduction period. Mangrove crabs have a slow growth rate and reproduce during the rainy season peaking in January and February (RU2). Females carry eggs for three-four weeks before releasing them during spring tides after which they spread across the estuary as juveniles (RU1; RU7; Diele and Koch 2010) . Fishers distinguish male and female crabs by differences in body shape, reproductive organs, hairiness, and distinct tracks in the burrow (RU6). There is a positive feedback loop between mangrove production, beneficial soil bacteria and crab foraging, during which increases in one create direct or indirect increases in the other two (RU3; RS6; Koch and Nordhaus 2010 
Actors (A)
Multiple actor groups exist in the CT RESEX (Glaser and da Silva Oliveira 2004 ) and the second-tier variables of the SESF could be applied to each separately (McGinnis and Ostrom 2014). We focus on fishers and RESEX residents as a combined actor group whose livelihoods are directly affected by the RESEX program.
There are ~4200 families distributed across 50 communities (A1) who are considered residents with the rights to use the CT RESEX. Communities are connected to each other and Bragança town by a main asphalt road and secondary dirt roads; the latter are difficult to access during the rainy season (A4). A majority of fishers and residents, highly livelihood dependent on extracting local natural resources, are either self-employed or contracted to extract crabs or wood for processing companies. Financial hardships can be directly related to seasonal and other changes in the local availability of crabs and seasonal fishing closures during crab reproduction periods (A8). The socioeconomic conditions of rural dwellers in the CT RESEX are low income and subsistence based, with little access to many public services and infrastructure for many, but not all communities (A2).
Because of the scattered nature of village locations and difficulties in accessing the mangrove, many fishers harvest in the areas surrounding their places of residence or close to the coastline with boat access (A3: Thies-Albrecht 2016). Accessing mangrove crab resources requires local knowledge on tidal flows, estuary navigation, and the ability to identify crab burrows, size, and the sex of the animals (A7). Fishers with boats have greater access to distant mangrove areas, but also incur higher time and monetary costs. Collecting crabs is only legal by hand, and some permits for small net traps are given (gancho; http://siscom.ibama.gov. br/), but poles with large fixed hooks are increasingly used to get crabs out of burrows deeper than an arm's length (A9). Hooks can injure undersized or female crabs, which should not be harvested. After about 2005, some fishers in the region started to use plastic snare-like traps (redinhas) positioned at the top of a crab burrow. Snares are picked up on return trips, but some are forgotten, leaving plastic and dead crabs behind. Crabs are sold live to patrons (middlemen) or cooked and processed by women in the household for sale, or most recently processed by employees in a nascent artisanal processing industry. There are currently three processing businesses, but overall entrepreneurship and leadership in the CT RESEX are weak (A5). In a few villages, private businesses for crab collection and processing are being established, but this is being initiated by outsiders (nonresidents of RESEX). Most fishers are beholden to patron-client systems, which are often exploitative, but their only market access option (A4; A6; I4). In great contrast to the period between 1996-2005 (Glaser and da Silva Oliveira 2004 , Glaser et al. 2010a , today there is a general lack of capable individuals willing to invest the time and effort to participate in RESEX politics or to take community leadership roles, for example in the Deliberative Council (DC). This could be related to the fact that no compensation for lost income is paid to small-scale producers who engage with the RESEX, disagreements between leaders due to disputes over institutional power in management, a lack of leadership continuity, along with the minimal participation of young people. Many community leaders are older and no longer fish; many of our interviewees reported initial participation but dropped out over time because of a lack of financial incentives or perceived benefits. Fishing is perceived as a better use of time, resulting in direct income (A6). Recent programs to build leadership capacity organized by UNESCO and Rare (NGO) have attempted to address this challenge.
Governance systems (GS)
The Caeté-Taperaçú RESEX was created in 2005 as a comanaged marine extractive reserve in which the rights to extract resources are given to an association of users to collectively develop rules (GS1; GS4). A timeline of key political events from 1990 to 2017 are shown in Appendix 2. The comanagement rights apply exclusively within the RESEX boundaries (GS2; Fig. 1 The core comanagement board of the CT RESEX is the Deliberative Council (DC). The DC is facilitated by ICMBio and comprises local, regional, and national actors. The DC contributes to "actions aimed at the implementation of the Management Plan," (ICMBio 2012:13), deciding on rules or changes to rules (GS6). DC member organizations are considered to be the rule makers of the RESEX (GS5). The 50 communities are divided into 8 representative groups (polos). Table 2 shows member organizations of the DC. The management plan was generated and approved by ICMBio and the DC. Appendix 3 shows its current rules-in-use (GS6). The operational rules for crab fishing focus on user rights, similar to those in other benthic and crustacean fisheries (Basurto et al. 2013, Partelow and Boda 2015) . A monitoring program (Program of Voluntary Environmental Agents) was created by IBAMA in which some residents received training in environmental education, protection, preservation, and conservation of natural resources in the RESEX area (IBAMA 2005) . However, the program was largely unsuccessful because of conflicts with monitoring and rule compliance involving relatives and friends of volunteer agents (Amaral et al. 2008) and was thus discontinued in 2013 (IBAMA 2013). Therefore, although graduated sanctions exist, they are no longer enforced by registered users themselves or by external authorities (Ostrom 1990 ). However, registered users are obliged to pay a tax to the DC for monitoring and enforcement. A 50-year concession is given to the association of users (ASSUREMACATA) with rights to grant access, resource extraction, management, and exclude others, but the alienation rights and the actual land title are held by the Brazilian state (GS7; Schlager and Ostrom 1992) . Table 2 shows the multilevel network structure for comanagement (GS9).
The RESEX program was subsidized with development aid through the Bolsa Verde program, targeting households directly dependent on resource harvesting. To qualify for Bolsa Verde, families must be registered residents of the RESEX with the ICMBio office and earn less than 70 Brazilian Reais (~US$22) per family member per month. The program provides 300 Brazilian Reais (~US$95) every two months with the aim to reduce overharvesting due to financial needs. Approximately 3700 families are part of the program, increasing their income https://www.ecologyandsociety.org/vol23/iss3/art19/ significantly. However, criticism for the Bolsa Verde program is that it only focuses on terrestrial resources, which may result in greater pressure on marine resources because of the displacement of terrestrial harvesting (Kasanoski 2016) .
Related ecosystems (ECO)
Low-lying mangrove estuaries are vulnerable to sea-level rise (ECO1). Landward shifts of the mangrove/marsh in the Bragança region to higher ground have been observed since 1972 and have been linked to increases in mean sea level (Lara et al. 2010) . Mangroves are moderately resilient to sea-level rise, but this can be compromised by human activities that disturb sedimentation processes (Krauss et al. 2014 , Woodroffe et al. 2016 . In Bragança, disturbances include the removal of crabs, altering river flows around settlements, forest degradation due to wood harvesting (Glaser et al. 2003) , and infrastructure development such as the road construction through the middle of the Caeté peninsula causing considerable erosion.
Interactions (I)
Key interactions 1: altered social and political momentum In 2005, comanagement was new for coastal populations that were keen to assume some control over decision making on the natural environment their livelihoods depended on da Silva Oliveira 2004, Diele et al. 2010 ). The CT RESEX was officially declared in 2005 (A3) after four years of preparatory meetings, networking, collaborative analyses, and capacitation work with local residents, NGOs, and unions and a further two years of legislative processing by the responsible agencies at the national level such as IBAMA/CNPT. In the first decade, the incentive to influence and implement the rules most central to local livelihoods was a key driver for local participation to support the RESEX (GS10; Glaser and da Silva Oliveira 2004). However, this momentum changed. Administrative delays, altered livelihood options, and political favoritism all played a role. Previous leadership and momentum dissipated as numerous key individuals from the earlier period were no longer involved, and leadership of political movements without much local knowledge took over. This hindered local participation and representation for continued action. When the RESEX was finally created with a formal management plan, nearly 10 years after its inception, changing leadership and shifting perceptions of its purpose had reduced local motivation for continued effort and involvement.
Key interactions 2: Shifting perceptions, communication, and location
In the late 1990s and early 2000s, there was a high level of social energy that initiated and sustained collective efforts to establish comanagement. However, local perceptions of the purpose and benefits RESEX comanagement would bring began to change. In its initial period, the RESEX rationale focused on empowering local communities to be semiautonomous in how they regulate the use, management, and conservation of local natural resources. As the program took shape however, the significant social benefits such as free houses, green scholarships, and a range of durable consumer goods (e.g., fridges and stoves) led the local residents to start perceiving the RESEX as a government social aid program. This was in full accord with the RESEX objective to include traditional populations into the national development process (Allegretti 1987 (Allegretti , 1994 . During this social development process, achieved in a period of socialist government, RESEX was associated with multiple social development forces (Movimento sem Terra, Bolsa Verde). The impressive range of associated material benefits shifted local perceptions and expectations away from the collective efforts for natural resource comanagement. With material gains, livelihoods depended less on the mangroves. Outside families were also motivated to move into the RESEX area in which help with their substantial development needs such as housing, education, and consumer goods, was available. Fishers also migrated to the region as it became a commercial hub. As a result, the number of registered RESEX users increased substantially and before long subsidized housing was no longer available for everyone who needed it.
Skepticism of the social development programs was related to the whole RESEX program, grounded on the newly emerged idea that the purpose of the RESEX was to distribute subsidized social development aid. These developments undermined the local incentives to work together through comanagement, and thus to take and implement collective decisions for the area and its future. Success in establishing sustainable human-nature relations through collective action was thus displaced by falling dependence on local mangrove resources, by dysfunctional leadership, and by multiple social subsidies, which were perceived as failing to deliver evenly distributed benefits. The social and political momentum for RESEX thus stagnated along with the trust and confidence of those working to achieve its original goals.
Unclear communication about the purpose of RESEX and other development programs contributed substantially to why perceptions shifted. Information flow between all actors was minimal and influenced by competitions for political influence. Many residents tried to capitalize on development programs for short-term gains. For the average mangrove user, it became easier to improve their socioeconomic situation through development aid than by investing in the comanagement of resource harvesting. Those in leadership positions are reported to have competed for power and influence rather than investing in long-term efforts to establish collective governance through comanagement.
Three information flow bottlenecks can be identified as influential. First, only a few key individuals were well informed about the purpose and motivations for the RESEX, and the number of actively engaged individuals has decreased over time. Second, ICMBio lacked the monetary and human resources to develop communication channels, disseminate official information, and train community leaders, thus distorting real information about the purpose of the RESEX with rumors, discontent, and politically motivated misinformation. Third, with 50 geographically isolated communities, official information did not reach many actual mangrove resource users. Communities have been historically separated, in part because of the characteristics (RS9) of the resource system (mangrove) and resource units (mangrove crabs). Mangrove crabs live rather stationary and nonmigratory adult lives, and fishing areas seem to have emerged according to the local ecological knowledge about crab distributions, with certain productive fishing areas being more easily accessible than others. Communities have likely been established around these areas because of patterns in resource harvesting, benefiting from known routes through the difficultEcology and Society 23(3): 19 https://www.ecologyandsociety.org/vol23/iss3/art19/ to-navigate mangroves (Thies-Albrecht 2016). Although there is no formal property rights system for fishing, informal fishing areas are recognized and implemented by local fishers. Rights to access fishing areas are often temporally delimited, relating more to when you fish than where (Oliveira and Maneschy 2014) . Difficulties in communication and market access can be seen as a geographical consequence of how local communities have codeveloped informal fishing areas with local ecological knowledge of the mangrove and crab populations. The very close link between mangrove-adjacent villages and their surrounding resources still suggests a great need for a sustainable local extractivism that resolves difficult and spatially reinforced socialecological linkages.
Key interactions 3: Patron-client relationships and socialecological traps
The price of mangrove crabs has increased over time, driven by increasing demand from markets for seafood throughout Brazil. The State of Pará is a top provider of seafood nationally. However, prices received by local fishers remain low because of exploitative patron-client relationships. Patrons control market access for most fishers who reside remotely and cannot transport crabs to market independently. Profits do not trickle down to local fishers beholden to patrons who offer low prices, increasing their own gains. Fishers often cannot select alternative patrons because there are few to choose from.
Exploitative patron-client systems can lead to overharvesting because increased extraction is the only way to make a better living when receiving low prices. Overharvesting is also motivated by high crab mortality during transportation (25-55%; Legat et al. 2006) . A ventilated plastic box with a water-soaked lining is mandated but unlikely to be used by many or enforced (MPA 2013) . Similar situations have been described in the literature as social-ecological traps (Boonstra et al. 2016) . Overharvesting pressures in combination with difficulties in accessing new mangrove areas because of informal fishing areas, have forced fishers to begin harvesting smaller (illegal) crabs locally, which have lower market value. Harvesting greater quantities of smaller crabs is necessary to earn a stable income. Fishers often become indebted to patrons, and loans are difficult to pay back because of limited crab availability and tidally limited fishing time, and by the lack of alternative livelihood opportunities. This is a selfreinforcing negative feedback loop. Low prices lead to overharvesting to maintain a stable income, slowly degrading ecological productivity and economic value of the resource over time. This is termed "a vicious circle" (Glaser et al. 2010b ). This undermines the integrity of the mangrove forests as a mechanism of social insurance for the poor who rely on local natural resources when other economic and food options are not available.
Key interactions 4: Institutional fit and equitable participation in comanagement
Transitioning from no formal governance (e.g., no written rules for resource use or for participation in decision making) to comanagement is an institutional novelty for most residents. Traditional populations are being challenged to reconfigure their institutional space, the social structures within which they interact, engage with the concept of governance, and use local knowledge to make beneficial changes to their own resource use behavior (Esterci 2002 , Teisserenc 2014 , DiPaolo 2017 . Although the informal institutions of the early 1990s are now formalized in the RESEX rules, informal institutions have continued to change. Formal RESEX rules do not intend to incorporate existing informal institutions, but such adaptiveness is needed to make the RESEX work. Many fishers find participation in RESEX-related meetings confusing and ineffective, despite the goal of creating a more equitable deliberative environment. Equitable participation is a practical challenge because some actors have more knowledge about the RESEX and are more familiar with participating in formal political meetings, such as members from local universities, ICMBio, and the municipality. This can reinforce existing narratives of disempowerment and mistrust through formalizing governance and procedural approaches that favor the participation of the actor groups who designed them. Although residents have the largest number of seats on the Deliberative Council, their influence is disproportionately small (Silva-Junior 2013, Narahara 2014).
Key interactions 5: Harvesting closures and compensation
A temporary ban on crab harvesting (I1) occurs during key reproductive periods called andadas Koch 2010, MAPA 2017; GS6) . During reproduction, crabs spend longer periods outside their burrows, leaving them exposed to harvesting (RU2). Fishers are not compensated for lost income during seasonal closures, and there is little rule enforcement relating to the collection of crabs by hobby and leisure collectors during the andadas. Fishers requested closures themselves, with the condition that they can receive compensation (seguro defeso) for not fishing from January to April during crab reproduction and from June to September when crabs change their carapace (Nascimento et al. 2015) . However, communication about official rules and seasonal closures is minimal in some areas, many fishers simply do not know about them. Santos and Schiavetti (2017) alert that there is a lack of clarity in Brazilian environmental legislation regarding the concept of the right to use the coastal environment and contradictions between Brazilian environmental legislation and some rules in marine RESEX areas. The lack of compensation for lost income during closed periods with few alternative income sources and low knowledge of rules means that fishing during seasonal closures largely continues even when it is well known as bad practice. When income is low, the mangrove acts as a form of insurance for many families who harvest local resources for subsistence (such as crabs and wood) when they cannot purchase additional food or supplies (A2). Overharvesting driven by commercial markets undermines the resilience of the ecosystem and crab populations, which in turn undermines the ability of ecosystems to act as a reliable source of food security and insurance that can support social welfare.
Outcomes (O)
Our results recognize complexity in an attempt to avoid overly simplified models of SES outcomes and their drivers. Trends in recent progress toward CT RESEX goals can be briefly synthesized from our analysis. Resource dependent livelihoods remain vulnerable to ecological and social changes. Comanagement has not motivated sufficient collective action to continue the momentum for the substantial changes needed to pull fishers out of social-ecological traps or to bring diversified economic opportunities and decrease the fragile dependence on local natural resources. Social development programs attached to RESEX have made progress on reducing local resource Ecology and Society 23(3): 19 https://www.ecologyandsociety.org/vol23/iss3/art19/ dependence, but this is not because of successful comanagement. Collective action is a foundation for comanagement success but collective efforts have not occurred to a sufficient degree to suggest comanagement has been successful in achieving RESEX goals (O1). Significant barriers are apparent. There are many different social and ecological reasons why collective action and comanagement have stagnated. The SES conditions influencing collective action from the SESF are shown in Table 3 . Viewed in combination, we can see how current theories help explain hindered progress. Beyond needed collective action on the Deliberative Council and among residents to motivate political will, there remains a need to improve livelihoods and social outcomes through creating better opportunities for livelihood diversification, education, and empowerment. Many social performance measures have remained the same since pre-RESEX. Ecologically, crab population data and harvesting rates suggests stability, although evidence for increased mangrove degradation, gradual increases in catch-per-unit effort, and the number of fishers suggests that this will likely degrade ecological health if continued at current rates (O2). Any substantial ecological degradation or changes to resource abundance and distribution would certainly bring reciprocal social impacts. Sea level rise, human migration into the area, the development of industry, and political instability are likely to bring increasing pressures and challenges for effective governance, but their precise impacts are difficult to assess (O3).
DISCUSSION AND CONCLUSIONS
Marine RESEX programs exist throughout Brazil and their unique institutional arrangements have motivated numerous studies (da Silva 2004, Diegues 2008 , Santos and Schiavetti 2014 , Nobre et al. 2017 examining the inclusive approach to MPA governance, which combines human well-being objectives and conservation goals (Bennett et al. 2017) . However, marine RESEX have struggled to achieve success in mangrove conservation (Santos and Schiavetti 2014, Borges et al. 2017) in line with MPAs globally (Halpern 2014, Bennett and Dearden 2014) . The institutional complexity of MPA governance continues to challenge scholars and practitioners (Jones et al. 2013 , Alexander et al. 2016 ).
Lessons can be drawn from this analysis allowing for general conclusions about the wider Brazilian and MPA context. Regional and local ICMBio offices have few resources for implementation and outreach, mirroring findings showing that a lack og human and financial resources are a considerable barrier for MPA success worldwide (Pomeroy et al. 2005) . The benefits of RESEX comanagement have not always been clear to remote resource users who would benefit most from its implementation; and decision making has not always represented the diversity of actors' socioeconomic conditions and livelihoods (Santos and Brannstrom 2015) . This supports the shift toward making MPA governance more inclusive and participatory with local people to enhance success (Glaser et al. 2010b , Tam 2015 . Social and institutional differences as well as the historical marginalization of rural fishing communities in national policy have created challenges with communication about the purpose of RESEX and power imbalances between actors involved in governance from the local to national levels. The perceived legitimacy of and trust in the RESEX as an institution, to collectively invest in, was therefore never fully established. Local and regional politicians have used the RESEX and associated social development programs to leverage their own political agendas, often misaligned with the original comanagement goals.
Although collective action of resource users is a necessary pillar of comanagement success, so is strong and continued state commitment. Resilience to shifting social and political momentum requires mechanisms and platforms in which deliberation, knowledge exchange, and social learning among actors can inform decision making (Armitage et al. 2008 , Reed et al. 2010 , Plummer and Hashimoto 2011 , Tengö et al. 2014 . Facilitating iterative deliberation and capacity building were initially recognized as necessary, but implementation is difficult without well-supported and well-intentioned leadership, and without substantial institutional transformation to render the deliberation process itself more inclusive. Continued investments to maintain communication and capacity building efforts would certainly be beneficial to address shifting perceptions and political discontent among local actors. For example, continued funding for local ICMBio offices to conduct outreach programs and the dissemination of materials on the RESEX program through news, radio, or at specific community events. Also, training programs for local leadership and community members to build more capacity for self-organization and political involvement would be beneficial.
Ostrom's design principles provide a theoretical framework for evaluating enabling conditions for community-based governance, and studies of other marine RESEX show that comanagement has provided these conditions in concept, but that they have been difficult to establish in practice (da Silva 2004 , Nobre et al. 2017 . This study draws similar conclusions, expanding on the design principles by applying broader theories of collective action. Finding effective conflict resolution mechanisms through the Deliberative Council, although envisioned, has been difficult because the active and regular participation of local actors was not successfully facilitated. Leadership accountability and consensus building among fishers and RESEX members have suffered in the context of other social development programs, not least because of a lack of communication and well-established collective-choice rules for regular meetings and decision making. As of 2016, we observed a misfit between formal comanagement rules and local informal institutions; many residents are not familiar with self-organizing activities or regular participation in local governance. This study aligns with similar reflections and concerns in other RESEX areas (da Silva 2004 , Di Ciommo 2007 , Vadjunec and Rocheleau 2009 , Santos and Schiavetti 2014 , Erler et al. 2015 , Santos and Brannstrom 2015 , Le Tourneau and Beaufort 2017 , Nobre et al. 2017 . Setting up comanagement is not enough; continued efforts to create more user engagement and stronger institutions that can establish harvesting rules congruent with local livelihood sufficiency and ways to control adherence to them are needed. Despite these challenges, there remains political momentum to establish new reserves in other areas; coastal governance in the RESEX format still symbolizes empowerment and the inclusion of marginalized rural populations into national governance (Santos and Schiavetti 2014, Santos et al. 2017) .
From the perspective of resource users, high dependence on local natural resources with low market values due to suboptimal Table 3 . Social-ecological systems framework (SESF) second-tier variables and their case value in the Caeté-Taperaçu (CT) RESEX associated with hypotheses of collective action theory (Ostrom 1990 , Poteete et al. 2010 , Cox 2014 patron-client relations makes developing incentive structures for participation in comanagement difficult when time, money, and motivations are scarce and volatile. Patron-client systems in smallscale fisheries might evolve to provide mutual benefits (FerrolSchulte et al. 2014) , but the remote locations, high dependence on few patrons, and increasing external market prices in the CT RESEX make this, as many other patron-client relations (Glaser et al. 2015) strongly asymmetric. Small-scale fisheries have been facing these challenges for decades, often driven by the integration of fish products into global markets with complex supply chains that do not bring proportional economic gains back to rural fishers (Berkes et al. 2006 , Eriksson et al. 2015 , Bennett and Basurto 2018 . Long-term sustainable exploitation is difficult to adhere to when short-term gains are needed, often driving overexploitation to meet basic needs or pay back debts (Glaser et al. 2010a ). Incentives to change harvesting behavior and support governance reform are low when promised reform to establish the RESEX has taken more than a decade.
Comanagement may only work when the intended beneficiaries are motivated to act collectively to support it. Motivations for self-organization among residents are affected by multiple factors, but this analysis has focused on how and why user perceptions form in relation to the legitimacy and usefulness of governance models. However, even if residents do view comanagement as beneficial, further consideration for how formal models of governance interact with existing local social and cultural institutions is necessary (Glaser et al. 2010b , Rahman et al. 2017 to achieve an adequate level of institutional fit to the socialecological context (Olsson et al. 2007 , Epstein et al. 2015 .
A growing body of literature, including this study, suggests the need to consider social-ecological complexity in the design and successful long-term implementation of comanagement (Armitage et al. 2009 , Bodin 2017 . Outcomes that are collectively accepted as beneficial are more likely to be achieved when governance institutions are adaptable, i.e., can evolve to a changing social-ecological context (Plummer and Hashimoto 2011 , DeCaro et al. 2017 , Whitney et al. 2017 . Limited knowledge on SES complexity and the integration of such knowledge into policy practice obstruct the CT RESEX and other MPAs (Pollnac et al. 2010 , López-Angarita et al. 2014 . This relates to recognizing local traditional (Tengö et al. 2014) , system, target, and transformative knowledge (Partelow and Winkler 2016) .
The SESF has proven to be a useful research tool for advancing this knowledge, helping to describe the complexity of variables and identifying knowledge gaps. The SESF is useful as an organizational and coding framework for analyzing large amounts of qualitative data. However, it is not obvious how the SESF can facilitate an analysis of the interactions between variables methodologically without better linking to theory. A theory such as collective action helps to unpack the potential explanations of why certain variables influence outcomes. However, understanding the interactive effects between variables, i.e., how clusters of independent variables interact to shape outcomes, is more difficult to measure empirically, hindering the development of theory to better understand complex SES.
Further applications of the framework should focus on developing methods for analyzing the interactions between variables (Hinkel et al. 2015 , Leslie et al. 2015 , Partelow et al. 2018b ). This study frames key interactions as the clusters of variables shaping important outcomes with thick qualitative descriptions. This is a different conceptualization of the interactions (I) variables as originally envisioned in the SESF because of the variables representing the spaces in which actors deliberate and make choices influencing the SES. Perhaps another way to view interactions between variables in the SESF, as done in this study, is to identify which variables interact to build on existing theories (e.g., social-ecological traps), or to generate new hypotheses of how variables interact in an SES.
Comanagement is as much about gaining the acceptance of local people through fostering an environment of social and political momentum as it is about establishing the appropriate formal governance arrangements (Bennett 2016 , DeCaro et al. 2017 . Further linking collective action and institutional change theories with MPA comanagement literature may provide a better understanding of these underlying social processes and how they can influence whether formal governance will work in practice (Schlüter et al. 2013 , Weber de Morais et al. 2015 . These processes are constantly fluctuating over time, thus comanagement requires persistent and regular efforts to maintain collective efforts. An understanding of how the CT RESEX evolved over time was useful to unravel the changing political narrative in the course of its establishment. Historical evidence and qualitative time-series data can provide useful insights, and further research can explore how the SESF can be applied to sort through the social-ecological complexity of changing political narratives and how this relates to collective action over different time periods ).
To conclude, we focus on specific aspects of our case study and policy reflections for marine RESEX throughout Brazil. The CT RESEX would benefit from numerous actions and policy changes that will move it more toward adaptive comanagement to better fit the context. Capacity building through increased communication and outreach to local residents seems necessary to regain trust and social energy to support RESEX by emphasizing the opportunities that can come from collective empowerment. Because there are many inherent system characteristics reducing the likelihood of collective action, developing the right incentives for all actors to participate needs to be acted on by addressing known barriers. If communities are isolated, disseminating information and communicating through local organizations, media publications, and radio may help to connect them. If local cultural institutions do not fit well with the formalities of governance, adapting meeting locations to community time preferences and locations may be useful. New formats for deliberation council meetings that can be adjusted to the social and economic constraints of fishers and RESEX community members (e.g., time, frequency, and locations of meetings) may create more space for equitable participation, building up social capital among actors, and creating knowledge exchange (Brewer 2012, Nenadovic and Epstein 2016) . Programs supporting alternative livelihoods and recognizing the role of women in the emerging crab processing industry may help break the vicious circle of social-ecological traps and motivate renewed social energy for change among women who are typically not included (Santos 2015 , Koralagama et al. 2017 . Developing incentives to motivate young residents to step into leadership roles and into education opportunities outside the area could advance https://www.ecologyandsociety.org/vol23/iss3/art19/ social development goals (Zurba and Trimble 2014) . These changes are, of course, easier stated than done. It is also apparent that motivated individuals need to continue to invest time and effort into RESEX progress.
Overall, the CT RESEX in the context of Brazilian policy progress can be viewed as a positive development. However, broader critical reflection on the contemporary marine RESEX program is in order. Support communities with strong pre-existing selforganizational capacity was why RESEX was established; such was the case with the rubber harvesters in the era when Chico Mendes and other motivated groups struggled to make it happen. Formal comanagement was the last piece in their struggle for empowerment. In many RESEX areas now, formal comanagement is instead the starting point. Even if social and political momentum to establish a RESEX area was initially there, collective action must be continuously built up under conditions in which it might face considerable difficulties. This does not suggest that comanagement cannot work, but considerable adaptive capacity is needed for success.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/10269
